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(71) We, IMPERIAL CHEMICAL 
INDUSTRIES LIMITED, Imperial Chemical 
House, Mfllbank, London, SW1P 3JF, a 
British Company, do hereby declare the in- 
vention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

This invention relates to morpholine deri- 
vatives which possess antidepressant proper- 
ties. 

According to the invention there is pro- 
vided a morpholine derivative of the for- 
mula: — 



arc 



(0 



wherein 

R x stands for an alkyl radical of 1 to 5 
carbon atoms, an alkoxy radical of 2 to 5 
carbon atoms or an aryloxy radical of up 
to 8 carbon atoms; and the pharmaceutic- 
ally-acceptable acid-addition salts thereof. 
It will be observed that the morpholine 
derivative of the invention possesses an asym- 
metric carbon atom, marked 2 in formula 
I, and the racemic form may therefore be 
resolved into two optically-active enantiomeric 
forms. The extent to which these enantiomers 
will possess the useful properties of the com- 
pound of me invention, as hereafter defined, 
may differ, and it is therefore to be under- 
stood that this invention encompasses the 
racemic form of the morpholine derivative 
and any enantiomorphic form which possesses 
such a useful property. 

A particular value for R 1 is a methyl, ethyl, 
n-propyl, ethoxy, n-propoxy, n-butoxy or 
phenoxy radical 

A preferred value for R 1 is the phenoxy 
radical. 

A suitable pharmaceuticaUy-acceptable 
acid-addition salt of the invention is, for 
example a hydrochloride, hydrobromide, phos- 
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phate or sulphate, or a citrate, acetate, oxa- 
late, methanesulphonate, toluene-p-sulphon- 
ate, tartrate, maleate, gluconate or resinate. 

The morpholine derivative of the inven- 
tion may be manufactured by methods known 
in themselves for the manufacture of chemic- 
ally analogous compounds. Thus the following 
processes for the manufacture of the morpho- 
line derivative of the formula I, R 1 having 
the meaning stated above, are provided as 
further features of the invention: — 

(a) hydrolysis of a compound of the 
formula II: — 

arc 

wherein 

R 1 has the meanings stated above and 
R 3 is an alkoxycarbonyl or aryloxycarbonyl 
radical, for example an ethoxycarbonyl or 
phenoxycarbonyl radical. The hydrolysis 
may be carried out with a base, for ex- 
ample sodium hydroxide or potassium 
hydroxide, in a diluent or solvent, for ex- 
ample water, an alcohol or aqueous alcohol, 
for example methanol or ethanol, or di- 
methylsulphoxide. The hydrolysis may be 
accelerated or completed by the application 
of heat, for example at 100 P C, or at the 
boiling point of the diluent or solvent, 
(b) reaction of a compound of the formula: — 
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or of an alkali metal salt thereof, with a 
compounds of the formula: — 
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R 1 has the meaning stated above and 
Z stands for a halogen atom, for example 
a chlorine or bromine atom, or for an 
alkane- or arene-sulphonyloxy radical, for 

5 example a methanesulphonyloxy or toluene- 
p-sulphonyloxy radical. The process may 
be carried out in a diluent or solvent, for 
example dimethylformamide, dimethyl- 
sulphoxide, dioxan or dimethyloxyethane, 

10 and it may be carried out at an elevated 
temperature, for example a temperature of 
up to 150°C. 

(c) cyclisation of a compound of the for- 
mula: — 
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a^CH z .CHOH.CH z .NH.CH 2 CH 2 rY 



or an acid-addition salt thereof, wherein 
R 1 has the meaning stated above and Y 
is a displaceable radical, for example a 
halogen atom ox a radical of the formula 
20 OSOoOR 5 wherein R s stands for hydrogen 
or for an alkyl radical of 1 to 6 carbon 
atoms or an aryl radical of up to 10 car- 
bon atoms, for example the methyl, ethyl, 
phenyl or p-tolyl radical, with a base. 
25 The process may be carried out in a 
diluent or solvent, for example water, an 
alcohol, for example methanol, ethanol, 
isopropanol, n-butanol, t-butanol or ethy- 
lene glycol, or an ether, for example di- 
30 ethylene ether, dimethoxyethane, tetra- 
hydrofuran or dioxan, or a mixture of any 
of the abovementioned solvents; it may be 
carried out at ambient temperature or a 
temperature up to the boiling point of the 
35 diluent or solvent, for example at a tem- 
perature of between 40 and 100°C The 
base may be an alkali or alkaline earth 
metal hydroxide for example sodium, 
potassium or barium hydroxide. 
40 The starting material of the formula II 
for use in process (a) may be prepared, for 
example, by reaction of a compound of the 
formula III with 4-b enzyl-2-toluen e- p- 
sulphonyloxymethyhnorpholine followed by 
45 reaction of the product with an alkyl or aryl 
chloroformate, for example ethyl or phenyl 
chloroformate. 

The starting material of the formula V 
for use in process (c) may be prepared, for 
50 example, by reaction of a compound of the 
formula HI with epichlorhydrin followed by 
reaction of the product with a compound of 
the formula: — 

H2N . CH.CH— Y 

55 The compounds of the invention reverse 
reserpine-induced hypothermia in mice. The 
test is a standard one used in the art for 



determining the relative antidepressant 
activities in a series of chemically related 
compounds, 60 

The test, known as the RHL test, is car- 
ried out as follows:— 

Each member of various groups of 6 mice 
is given reserpine (2 mg. of base per kg. 
bodyweight, given subcutaneously, as the 65 
phosphate). Seventeen hours later, the gastric 
temperature (T 0 ) of each mouse is recorded 
by means of an orally-inserted probe coupled 
to an electriC'thermometer which is calibrated 
in degrees Centigrade and which can be 70 
read to 0.05 °C. Immediately after the tem- 
perature measurement, the mice are dosed 
orally with the test compound or with saline 
(controls), each mouse in a group of 6 being 
given the same substance, and the gastric 75 
temperatures are again recorded after 4 hours 
(T 4 ). The effect of the test compound is 
computed from the means cumulative rise in 
temperature after 4 hours. The mean cumula- 
tive difference in temperature (C) is thus de- 80 
fined as the mean, calculated from the results 
obtained in mice, of the sum: — 

T 4 -T 0 

The effect of the test compound is related 
to the dose, and, using suitable doses, a dose 85 
of compound can be defined which gives 
a mean cumulative rise in temperature of 
3°C. greater than that of control mice. This 
dose is called the ED 3 and is recorded in 
mg. per kg. bodyweight. 90 

AH the compounds exemplified in this 
specification are active on the RHL test at a 
dose f ED :; ) of equal to or less than 30 mg./kg, 
while at the same time showing no obvious 
signs of toxicity. 95 

According to a further feature of the' in- 
vention there is provided a pharmaceutical 
composition comprising a morpholine deri- 
vative of the invention, or a pharmaceutic- 
ally-acceptable acid-addition salt thereof, in 100 
association with a pharmaceutically-acceptable 
diluent or carrier therefor. 

The composition may be in any conven- 
tional form, for example tablets, capsules, 
aqueous or oily solutions or suspensions, dis- 105 
persible powders, sprays or aerosol formula- 
tions, and may be manufactured by conven- 
tional methods. 

A preferred pharmaceutical composition of 
the invention is one suitable for oral adminis- 110 
tration in unit dosage form, for example 
tablets and capsules, which contain between 
10 and 100 mg. of active ingredient, or 
one suitable for intravenous or intramuscular 
injection, for example a sterile aqueous solu- 115 
tion containing between 1 and 4% w/w of 
active ingredient. 

The pharmaceutical composition of the in- 
vention will normally be administered to man 
for the treatment or prophylaxis of depres- 120 
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sive illness at such a dose that each patient 
receives a total oral dose of between 150 
and 400 mg. of active ingredient per day, or 
a total intravenous or intramuscular dose of 
5 between 40 and 80 mg. per day, the com- 
position being administered 2 to 3 times per 
day. 

The invention is illustrated, but not 
limited, by the following Examples: — 

10 Example 1 

A suspension of 4 - benzyl - 2 -(2 - n - 
propoxyphenylthio) - methylmorpholine oxa- 
late (4 g.) in water is basified with sodium 
hydroxide solution and the free morpholine 

15 base is extracted into ether (3x50 ml.). The 
extract is dried (MgSO*), filtered and the 
ether evaporated. The residual oil (3 g.) is 
dissolved in toluene (50 ml.) and toluene is 
distilled from the solution until no more 

20 water co-distils. Phenyl chloroformate (3 g.) 
is added and the mixture is heated under 
reflux for 18 hours when the solvent is 
evaporated. The residue of 4 - phenoxy- 
carbonyl - 2 - (2 - propoxyphenylthio) - 

25 methylmorpholine is heated at 100 °C in a 
mixture of dimethylsulphoxide (30 ml.), water 
(15 ml.) and potassium hydroxide (5 g.) for 
18 hours. The mixture is coded, diluted with 
water (200 ml.) and extracted with ether 

30 (3 x50 ml.). The combined extracts are dried 
(MgS0 4 ), filtered and the filtrate is treated 
with an ethereal solution of hydrochloric 
acid when 2 - (2 - n - propoxyphenylthio)- 
methylmorpholine hydrochloride is obtained 

35 which melts at 163 — 166 P C. after crystallisar 
tion from a mixture of ethanol and ether. 
The 4 - benzyl - 2 - (2 - n - propoxyphenyl- 
thio)methylmorpholine used as starting 
material may be prepared as follows: — 

40 2 - n - Propoxythiophenol (3.4 g.) is added 
to a solution of sodium ethoxide, prepared 
by reacting sodium (0.5 g.) with ethanol 
(50 ml), and 4 - benzyl - 2 - toluene - p - 
sulphonyloxymet%lmorpholine (72 g.) is 

45 then added. The mixture is heated under 
reflux for 18 hours and the solvent is then 
evaporated. The residual solid is stirred with 
water and extracted with ether (2x50 ml.). 
The combined extracts are dried (MgSO*), 

50 filtered, and the filtrate is treated with an 
ethereal solution of oxalic acid to precipitate 
4 - benzyl - 2 - (2 - n - propoxyphenylthio- 
methylmorpholine oxalate which melts at 
110— 114°C after crystallisation from ethyl 

55 acetate. 

Example 2 
A solution of 2-ethoxythiophenol (236 
g.) in dimemylformamide (10 mL) is added 
to a stirred mixture of sodium hydride (0.61 
60 g.; 60% dispersion in oil) in dimemyl- 
formamide (50 ml.). The mixture is stirred 
for 2 hours at ambient temperature and then 
a solution of 2 - toluene - p - sulphonyloxy- 



methylmorpholine (3.7 g.) in dimethylform- 
amide (25 ml.) is added. The whole mixture 65 
is heated under reflux for 40 hours, cooled, 
poured into water (400 ml.) and the mixture 
extracted with ether (3X100 mL). The 
ethereal solution is washed with water, dried 
(MgS0 4 ) and filtered and the filtrate is treated 70 
with an ethereal solution of hydrochloric acid 
when a precipitate of 2 - (2 - ethoxyphenyl- 
mio)memylmorpholine hydrochloride is ob- 
tained which melts at 219— 221 °C. after 
crystallisation from a mixture of methanol 75 
and ether. 

Example 3 
A solution of 2-methylthiophenol (3.03 
g.) in ethanol (10 ml.) is added to a solu- 
tion of sodium ethoxide prepared by dis- 80 
solving sodium metal (0.56 g.) in ethanol 
(100 ml). The mixture is heated under re- 
flux for 2 hours and then a solution of 2 - 
toluene - p - sulphonyloxymethylmorpholine 
(6.6 g.) in ethanol (25 mL) is added and 85 
heating is continued for a further hour. The 
reaction mixture is cooled, the sodium 
toluene-^-sulphonate which separates is re- 
moved by nitration and the filtrate is evapor- 
ated. The residual oil is dissolved in ether 90 
(300 mL); the ethereal solution is dried 
(MgS0 4 ), filtered, and treated with an 
ethereal solution of oxalic acid to give 2 - 
(2 - methylphenylthio)methylmorpholine 
hydrogen oxalate, m.p. 135— 137°C. after 95 
crystallisation from methanol/ether. 

Example 4 
When the process described in Example 1 
is repeated and an equivalent amount of 4 - 
benzyl - 2 - (2 - n - butoxyphenylthio)- 100 
methylmorpholine is used in place of 4 - 
benzyl - 2 - (2 - n - propoxyphenylthio)- 
methylmorpholine, 2 - (2 - n - butoxyphenyl- 
thio)methylmorpholine is obtained as an oil. 
The base is dissolved in ether and an 105 
ethereal solution of oxalic acid is added to 
precipitate the acid oxalate which melts at 
96 — 98 °C. when crystallised from ethyl ace- 
tate. 

The starting material, 4 - benzyl - 2 - (2 - 110 
n - butoxyphenylthio)methylmorpholine, may 
be obtained by the process described in the 
second part of Example 1, replacing the 2 - 
n - propoxy - thiophenol by an equivalent 
amount of 2 - n - butoxymiophenol. The 115 
hydrogen oxalate melts at 122— 125 °C. after 
crystallisation from acetone. 

Example 5 
A solution of 2 - phenoxythiophenol (1.8 
g.) in ethanol (20 ml.) is added to a solution 120 
of sodium ethoxide prepared by dissolving 
sodium metal (0.3 g.) in ethanol (100 ml.). 
The mixture is heated under reflux for 1 
hour, a solution of 2 - toluene - p - sul- 
phonyloxymethylmorpholine (225 g.) in 125 
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ethanol (20 ml.) is then added and heating is 
continued for 48 hours. The solvent is then 
distilled and the residual oil is diluted with 
water (100 ml.), basified with sodium hydrox- 
ide solution and extracted with ether 
m\X The ethereal extract is washed wittt 
water (100 ml.) dried (MgSO,), filtered and 
the ether evaporated. The base is treated with 
an ethereal solution of oxalic acid to give 
2 - (2 - phenoxyphenylthio)methylmorpholme 
oxalate, m.p. 179-180°C after crystallisa- 
tion from methanol. The free base generated 
from purified oxalate by basificauon witn 
sodium hydroxide solution has m.p. 88— 
89°C. after crystallisation from petroleum 
ether (b.p. 100— 120°C.) . 

WHAT WE CLAIM IS:— 
1. A morpholine derivative of the tor- 
mula: — 



wherein R 1 has the meaning stated in claim 45 
1 and R 2 is an alkoxycarbonyl or aryloxy- 
carbonyl radical; 
(b) the reaction of a compounds of the 
formula: — 
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wherein R 1 stands for an alk T l radical of 1 
to 5 carbon atoms, an alkoxy radical of 2 to 
5 carbon atoms or an aryloxy radical of up 
to 8 carbon atoms; and the phannaceutic- 

25 ally-acceptable acid-addition salts thereof. 

2. A morpholine derivative as claimed m 
claim 1 wherein R 1 stands for a methyl, ethyl, 
n-propyl, ethoxy, n-propoxy, n-butoxy or 
phenoxy radical. . , . 

30 3. A morpholine derivative as claimed in 
claim 1 wherein R 1 stands for a phenoxy 

radical. . . 

4 An acid-addition salt as claimed in any 

of claims 1 to 3 which is a hydrochloride, 
35 hydrobromide, phosphate or sulphate, or a 

citrate, acetate, oxalate, methanesulpnonate, 

toluene - p - sulphonate, tartrate, ma*eate, 

gluconate or resinate. 
5. A process for the manufacture or a 
s$ morpholine derivative as claimed in claim 

1 which comprises:— 

(a) hydrolysis of a compound of the tor- 
mula: — 



kJM («0 

or an alkali metal salt thereof, with a 
compound of the formula:— 
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wherein R 1 has the meaning stated in claim 
1 and Z stands for a halogen atom or for 
an alkane- or arene-sulphonyloxy radical, 

(c)° r cydis2tion of a compound of the 
formula: — 



55 




-C!K-CH05LCH,.13-!.C!! a CH 2 rY 



60 



or an acid-addition salt thereof, wherein 

R l has the meaning stated in claim 1 ana 

Y is a displaceable radical. 

6. A pharmaceutical composmon compris- 
ing a morpholine derivative as claimed m 
cllim 1 in association with a non-toxic phar- 
niaceutically-acceptable diluent or earner. 

7 A composition as claimed m claim o 
which is in a form suitable for oral admims- 

tration. . , . j • 

8. A morpholine derivative as claimed in 
claim 1, substantially as described in Example 

1 9* A morpholine derivative as claimed in 
claim 1, substantially as described in any one 
of Examples 3 to 5. 

J. L. BETON, 
Agent for the Applicants. 
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